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Spinal cord and nerve root monitoring during surgical treatment of lumbar stenosis. 
Mar 2001 

Descriptors: *Lumbar Vertebrae— surgery— SU; *Monitoring, Intraoperative; *Spinal Cord ~physiology~PH; 
*Spinal Nerve Roots~physiology~PH; *Spinal Stenosis — surgery-SU ; Decompression, Surgical; 
Electromyography~methods~MT; Evoked Potentials, Motor; Evoked Potentials, Somatosensory; Humans; 
Monitoring, Intraoperative ~methods~MT 

...of spinal deformity are well known and documented. Free-running and evoked electromyographic studies during 
pedicle screw implantation is an accepted practice at many institutions. However, the functional integrity of spinal 
cord, cauda equina, and nerve roots should be monitored throughout every stage of surgery including exposure and 
decompression. Somatosensory evoked potentials monitor overall spinal cord function. Intraoperative 
electromyography provides continuous assessment of motor root function in response to direct and indirect surgical 
manipulation. Electromyographic activities observed during exposure and decompression of the lumbosacral spine 
included complex patterns of bursting and... ( 
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Electrical thresholds for biomechanical response in the ankle to direct stimulation of spinal roots L4, L5, and 
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...biomechanical responses were significantly lower than for CMAP responses (P = 0.0004; paired t test). Nerve 
roots were electrically most excitable on their ventral aspects. CONCLUSION: The biomechanical response in the 
joint to root stimulation can be used to test all root-related muscles crossing that joint at their individual 
innervation pattern and their residual innervation and to detect electrical excitation of the root at electric 
thresholds lower than those for detecting CMAP from single standard root-specific muscle. However, this method 
does not provide sufficient root specificity. It will be valuable in conjunction with multimodality neurophysiologic 
monitoring of the roots for earlier and more reliable detection of pedicle bone breakthrough or integrity. Further 
clinical investigations are suggested. ( 
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STUDY DESIGN: A comparison of the electrical thresholds required to evoke myogenic responses from direct 
stimulation of normal and chronically compressed nerve roots. OBJECTIVE: To determine whether intraoperative 
electromyographic testing to confirm the integrity of instrumented pedicles should be performed at higher stimulus 
intensities in cases where there is preoperative lumbosacral radiculopathy. SUMMARY OF BACKGROUND 
DATA: Postoperative neurologic deficits may occur as a result of pedicle screw misplacement during spinal 
instrumentation. The failure to evoke myogenic responses from stimulation of pedicle holes and screws at 
intensities of 6-8 mA is commonly used to... ( 
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...cremaster vascular supply and the surgical approach to isolate the cremaster muscle on its neurovascular pedicle 
are described. The functional integrity of this isolated cremaster preparation was tested using intravital video 
microscopy to evaluate the tissue's response to vasoactive agents and to peripheral nerve stimulation. The isolated 
cremaster muscle was positioned in situ in a controlled tissue bath and concentration response curves to the topical 
application of norepinephrine (NE) and acetylcholine (Ach) were determined. Vasoconstriction elicited by the 
topical application of NE or by stimulation of the genitofemoral nerve trunk was similar for both the isolated and 
standard cremaster preparations. Application of 10(-5 ... ( 
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Percutaneous pedicle integrity assessment system in neuro-physiology by applying stimulation signal and 
monitoring if adjacent nerves are enervated Original Publication Data by Authority ArgentinaPublication No. 
Claims: What is claimed is: 1. A method for performing percutaneous pedicle integrity assessments, comprising the 
steps of:(a) percutaneously introducing an insulation member to a pedicle target site;(b) establishing electrical 
communication between a stimulation element and an interior of a pedicle screw pilot hole;(c) applying a 
stimulation signal to said stimulation element; and(d) monitoring to assess whether nerves adjacent said pedicle 
are innervating as a result of the step of applying said application of stimulation signal to said stimulation 
element... 
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System for performing surgical procedures and assessments has surgical accessory with stimulation electrode 
and processing system to determine nerve proximity, nerve direction, pedicle integrity and neural pathology 
Alerting Abstract ...least one stimulation electrode. Processing system has computer programming software, 
firmware and hardware capable of stimulating stimulation electrode on surgical accessory. System measures 
response of nerves depolarized by stimulation. Relationship is determined between surgical accessory and nerve 
based on measured response. Relationship is communicated to user and is used to determine at least one of nerve 
proximity, nerve direction, pedicle integrity and neural pathology. Original Publication Data by 
Authority ArgentinaPublication No. ...Claims: processing system having at least one of computer programming 
software, firmware and hardware capable of stimulating said at least one stimulation electrode on a surgical 
accessory, measuring the response of nerves depolarized by said stimulation, determining a relationship between 
the surgical accessory and the nerve based upon the response measured, and communicating said relationship to a 
user, wherein said relationship may be used to determine at least one of nerve proximity, nerve direction, pedicle 
integrity, and neural pathology. 
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STUDY DESIGN: Retrospective review of 61 consecutive patients. OBJECTIVES: To determine the effectiveness 
of combining intraoperative monitoring of both spontaneous electromyographic activity and compound muscle 
action potential response to stimulation for detecting a perforation of the pedicle cortex irritation of nerve root during 
lumbar spine fusion surgery. SUMMARY OF BACKGROUND DATA: The complication rate from instrumentation 
used with lumbar spine fusion varies from 1 to 33%. To prevent neurologic complications, several monitoring 
techniques have been used to alert surgeons to possible neurologic damage being introduced during nerve 
decompression or placement of instrumentation with spine procedures. Because of different sensitivities, one 
monitoring technique may not be as effective for preventing complications as a combination of techniques. 
METHODS: Sixty-one consecutive patients who underwent instrumented posterior lumbar fusions received 
continuous electromyographic monitoring and stimulus-evoked electromyographic monitoring. A significant 
neurophysiologic event was signaled by sustained neurotonic electromyographic activity, prompting an alert and a 
pause in the surgical manipulations that precipitated the activity. After insertion of the transpedicular screws, the 
integrity of the pedicle cortex was tested by stimulating each screw head and recording compound muscle action 
potentials. In the presence of a pedicle breach, stimulus intensities below 7 mA were sufficient to evoke compound 
muscle action potentials from the muscle group innervated by the adjacent spinal nerve root, prompting a surgical 
alert and subsequent repositioning of the screw. RESULTS: Fourteen significant neurophysiologic events occurred 
in 13 of 61 patients (21%). Sustained neurotonic electromyographic discharges occurred in 5 of 40 patients during 
placement of interbody fusion cages, in 2 patients during placement of transpedicular screws, and in 1 patient during 
tightening of rods. On pedicle screw stimulation, breaches of the pedicle cortex were detected in 6 patients. After 
surgery, no new neurologic deficits were found in 60 of the 61 patients. One patient who experienced temporary 
paraparesis had sustained neurotonic electromyographic discharges during retraction of the thecal sac and distraction 
of the disc space before placement of the cage. CONCLUSION: These results suggest that intraoperative 
electromyographic monitoring provides a real-time measure of impending spinal nerve root injury during 
instrumented posterior lumbar fusion, allowing for timely intervention and minimization of negative postoperative 
sequela. 
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Persistently electrified pedicle stimulation instruments in spinal instrumentation. Technique and protocol 
development. 
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STUDY DESIGN: A prospective review was done of a new intraoperative technique developed to detect and prevent 
neurologic compromise during pedicle screw insertion. OBJECTIVES: To describe in sufficient detail the technique 
of persistently electrified pedicle stimulation instruments, so that this technique will be available generally to all 
clinical neurophysiologists and spine surgeons; and to demonstrate the use, typical results, interpretation, and 
protocol of the technique. SUMMARY AND BACKGROUND DATA: Fusion techniques that use pedicle 
instrumentation have the potential to cause nerve root injury. Several authors have proposed imaging and 
neurophysiologic methods to improve outcome. The present method represents a significant theoretical departure 
and advance from previously reported methods. METHODS: All relevant instruments used during pedicle 
instrumentation were converted easily, inexpensively, and quickly into monopolar stimulators with appropriate 
stimulus voltages to identify broaches of pedicle bone via evoked-electromyograms from relevant muscle groups. 
RESULTS: The persistently electrified pedicle stimulation instrument technique provided accurate intraoperative 
neurophysiologic information concerning pedicle, integrity in the patients studied. The protocol is standardized and 
adaptable easily, inexpensively, and quickly to most clinical applications. CONCLUSIONS: The persistently 
electrified pedicle stimulation instrument technique described here is useful for monitoring instrumented lumbar 
fusion procedures. The use of this protocol may help confirm intraosseous placement of pedicle screws and prevent 
neurologic injury. 
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Abstract: The placement of pedicle screws may involve a damage to the pedicle wall as well as to the adjacent 
nerve roots. This is visible as a lowering of the trans-screw stimulation current threshold of evoked compound 
action potentials (CAP) of the leg muscles and as a decrease of the electrical impedance of the screw. The objective 
was to design a system for intra-operative monitoring of the integrity of the pedicle wall and motor nerve and to 
test it in clinical practice. Spontaneous EMGs and CAPs, evoked by electrostimulation of the nerve and via the 
screw, of 8 muscle groups in the leg were recorded and furthermore, the screw impedance was measured. 102 
pedicle screws were monitored. It is concluded that during pedicle screw fixation, the current thresholds for CAPs 
and impedance measurements are useful for monitoring nerve root integrity. Impedance measurements provide an 
early warning of the cortex of the pedicle by screw placement. ( 2 Refs) 
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The neuroanatomical structures that approximate the bony pedicles of the lumbar spine allow little room for 
technical error or compromise of the bone during pedicle screw insertion. Currently available neurophysiological 
monitoring techniques detect compromised bone and nerve root injury after it occurs. The purpose of this 
prospective study is to evaluate the reliability and efficacy of a unique neurophysiological monitoring technique. 
This technique provides immediate evaluation of pedicle cortical bone integrity in patients undergoing lumbar 
fusion with instrumentation by using electrified surgical instruments throughout the pedicle screw fusion procedure. 
Spontaneous electromyographic (EMG) activity was also monitored. Intraoperative evoked EMG stimulation was 
performed using a pedicle probe and feeler as monopolar stimulators during the insertion of 164 pedicle bone screws 
in 32 patients. The EMG response to subthreshold stimulation intensities indicated cortical bone compromise. 
Immediate and conclusive feedback via evoked EMG activity using stimulating pedicle probes in appropriate muscle 
groups was successful in identifying pedicle cortical bone compromise in four patients. One false-negative evoked 
EMG study was noted but was identified via spontaneous EMG activity. Intraoperative EMG monitoring alerted the 
surgeon that redirection of the pedicle probe or screw was necessary to avoid nerve root irritation or injury and 
served as an early warning system. Evoked EMG stimulation proved to be reliable and efficacious, especially when 
used in combination with spontaneous EMG. This technique may provide an added safeguard during implant 
placement procedures at centers where intraoperative neurophysiological monitoring is routinely performed. 
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Abstract: Instrumental fixation of vertebral segments during posterior spinal fusion (PSF) requires 
insertion of screws into the spinal pedicle, usually of lumbar (L) or sacral (S) vertebral, but sometimes 
at thoracic (T) levels as well. Incorrectly positioned screws which breach the bony pedicle wall can 
result in acute nerve root injury or sub-acute injury with neural inflammation. This results in 
neurological deficits and chronic pain syndromes. Triggered electromyography (EMG) is often used 
to detect breaches of vertebral pedicle integrity intraoperatively. We hypothesized that: (1) EMG 
monitoring would result in a decreasing incidence of malpositioned pedicle screws over time by 
altering surgical technique in response to recurrent intraoperative EMG feedback on screw position; 
and (2) screws placed in the first lumbar pedicles would have the highest incidence of malposition. 
METHODS: 233 patients undergoing posterior spinal fusion were monitored with triggered EMG over 
a period of 48 months. EMG compound muscle action potentials were recorded from the anterior 
tibialis, gastrocnemius, and quadriceps muscles bilaterally after gradually increasing levels of 
electrical stimulation (Viking IV, Nicolet, Inc., Madision, Wl) of each screw. The stimulus threshold 
level at which EMG firing occurred was recorded. A threshold of <6 milliamperes (with constant 
current stimulation) or <20 volts (with constant voltage stimulation) was considered positive for a 
breached bony cortex. A positive test resulted in the screw being surgically repositioned. RESULTS: 
Data from all patients studied (108 males; mean age, 45.4 years; 616 screws inserted; and 125 
females; mean age 49.4 years; 696 screws inserted) were included in analysis. Pedicle screws were 
most commonly inserted into spinal pedicles at levels L4>S1>L5>L3>L2>L1>S2>T12. Only 6.3% of 
screws placed (83 of 1312) tested positive (screws were defined as malpositioned). The incidence of 
positive screws did vary, but the rate did not decrease over time (rates of 8.9%, 5.2%, 7.4%, and 
6.9% for each of four consecutive years). A wide variation in positive rates was noted between 
surgeons. Screws inserted into the S1 pedicle consistently had a higher incidence of malposition 
bilaterally (10% - left; 10.8% - right). The incidence of positive screws is often higher unilaterally at a 
single level. For example, at L5 right pedicle had only 0.08% of screws positive (1 of 130), but 6.5% 
positive (8 of 123) on the left. Only one patient exhibited postoperative signs of a pedicle screw injury. 
CONCLUSIONS: While triggered EMG is a reliable monitor of bony cortex disruption and possible 
injury during pedicle screw insertion during PSF, this feedback did not result in improved accuracy of 
surgical placement over four years. High sacral screws had the highest incidence of malposition. 
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